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(57) Abstract 



An embolic protection device has a collapsible filter element (105) mounted on a carrier such as a guidewire (101). The filter 
element (105) collapses into the outer end of a catheter (118) for deployment and retrieval through ^ si^tem of a 
patient The filter element (105) has a collapsible filter body vwth a proximal Inlet end and a distal outlet end. The proximal 
inlet end has Inlet openings sized to allow blood and embolic material enter the filter body. The outlet end has ou«et openings 
which allow through passage of blood but retain embolic material within the filter body. After use. the catheter (118) is movaWe 
along the guidewire (101) to engage the proximal end of the filter element and close the inlet openings before sliding over ttie 
fitter element from the proximal end to *e distal end to progressively collapse the filter body erf the S^'d^^re 101) for 
retrieval The filter element (105) may conveniently be mounted on a tubular sleeve (104) which is slidable and rotatable on the 
guidewi e (101) between spaced-apart stops (106, 120) on the guidewire (101) which a""o^„some manipulaton of th^^^^^ 
independently of the filter when the filter is in use. The filter element comprises between 200 and 500 outlet openings with an 
average dimension of between 50 and 200 microns. The openings are sized such that the shear stress imparted to Wood moving 
through said filter element at physiological flow rates less than about 800 Pa. 



(57) Abrege 



L'invention concerne un disposilif de protection centre TemboSe pr6sentant un 6l6ment de filtre pliable (105) monte sur un 
dispositif de transport tel qu'un fil-gulde (101). Get 6l6mefrt (105), se repliant dans rextr6mit6 ext6neure dun catheter (118) 
pour §tre d6ploy6 et r6cup6r6 i travers le systems vasculare d'un patient, presente un corps de filtre pliable ayant une 
extr6mit6 proximate d'entrfee et une extr6mit6 distale de sortie, fextr^mit* d'entr^e presente des ouvertur^ denfree 
dimensionnees de manifere d laisser le sang et les substances emboliques s'6couler dans le corps de filtre. Lextremite de sortie 
quant d elle pr6sente des ouvertures de sortie qui permettent le passage du sang mais rebennent les substances emboliqu^ dans 
le corps de filtre. Le catheter (118). apr^s utilisation, est d6plac§ le long du fil-guide (101) POJ^ cooperer avec exfremite 
proximate de I'element de filtre et fermer les ouvertures d'entree avant de giisser sur I'eldrnent de filfre depus le)rtremrte 
proximate vers i'extremite distale de manidre d replier ensuite progressivement le jle filfre sur le fil^u^de 101^^^ 
de sa recuperation. L'element de filtre (105) peut gtre convenablement mont6 sur un manchon tubulaire (104) qui peut couteser et 
tourner autour du fil-guide (101) entre des butees (106, 120) espac^es sur \e fl-guide (101) ce qui perme^ la manipiHabon du 
fil-guide independamment de I'etat du filtre lorsque Ton utilise ce dernier. uaSment de filtre cornprend ^^'t^O^^^fJ^^ 
ouvertures de sortie dont la dimension moyenne oscille entre environ 50 et 200 microns. ^"^ertures sort configu res de 
maniere que la contrainte de cisaillement, exerc§e sur te sang s'6coulant ^ travers I element de filtre d des vitesses 
d'6coulement physiologique, soit inf6rieure a environ 800 Pa. 
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(54) TlUe: AN EMBOLIC PROTECTION DEVICE 




(57) Abstract 

An embolic protection device has a collapsible filter element (105) mounted on a earner such as a guidewirc (101). The filter element 
(105) coUapses into the outer end of a catheter (1 1 8) for deployment and retrieval through a vascular system of a patient. The filter element 
(105) has a collapsible filter body with a proximal inlet end and a distal outlet end. The proximal inlet end has inlet opmings sncd to 
allow blood and embolic material enter the filter body. The outlet end has ouflct openings which allow through passage of blood but ntain 
embolic material within the filter body. After use. die catheter (1 18) is movable along the guidewire (101) to engage the proxxraal end of 
the filter clement and close the inlet openings before sliding over the filter element from the proximal end to the distal end to jMOgresswely 
collapse the filter body of tiie guidewiit (101) for narieval. TTie filter element (105) may conveniently be m«inted on a tubular s ccve 
004) which is slidabte and rotatable on the goidewiie (101) between spaced-apart stops (106, 120) on the guidewire (101) which allows 
some manipulation of the guidewire independently of the filter when the filter is in use. The filter element comprises between 200 and 500 
outlet openings with an average dimension of between 50 and 200 microns. The openings are sized such that tiie shear stress unparted to 
blood moving through said filter element at physiological Row rates less than about 800 Pa. 
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"An Embolic Protecrion Device" 
The invention relates to an embolic protection device. 

The tenn "STROKE" is used to described a medical event whereby blood supply 
to ihe brain or specific areas of tlie brain is restticted or blocked to the extent that 
the supply is inadequate to provide the required flow of oxygenated blood to 
maintain function. The brain will be impaired eidier temporarily or permancndy, 
with the patient experiencing a loss of function such as sight, speech or control of 
limbs. There are two distinct types of stroke, haemorrhagic and embolic. This 
invention addresses enibolic stroke. 

Medical literature describes caroitid artery disease as a significant source of 
embolic material. Typically, an atherosclerotic plaque builds up in die carotid 
arteries. The nature of the plaque varies considerably, but in a significant number 
of cases pieces of the plaque can break away and flow distally and Wodc 
bloodflow to specific areas of the brain and cause neurological impairment. 
Treatment of the disease is classically by way of surgical carotid endartcrectomy 
whereby, the carotid artciy is cut and the plaque is physically removed from the 
vessel. The procedure has broad acceptance with neurological complication rates 
quoted as being low, somewhere in the order of 6% although claims vary widely 
on this. 

Not all patients are candidates for surgery. A number of reasons may exist such 
that die patients could not tolerate surgical intervention. In these cases and an 
increasing number of candidates that are surgical candidates are being treated 
using transcatiieter techniques. In this case, the evolving approach uses devices 
inserted in the femoral artery and manipulated to the site of the stenosis. A 
balloon angioplasty catheter is inflated to open die artery and an intravascular 
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stent is sometimes deployed at the site of tbe stenosis. The action of these devices 
as with surgery can dislodge embolic material which wiU flow with the arterial 
blood and if large enough. eventuaHy block a blood vessel and cause a stroke. 

It is known to permanently implant a Kter in human vasculature to catch enoboiic 
material. It is also known to use a removable filter for this purpose. Sudi 
removable filters typicafly comprise umbrella type filters comprising a filter 
membrane supported on a collapsible fiame on a goidewire for movement of the 
filter membrane between a collapsed position against the guidewire and a laterally 
extending position occluding a vessel. Examples of such filters are shown in US 
4723549. US 5053008, US 5108419. WO97/17100 and WO 98/33443. Various 
deployment and/or collapsing anangements are provided for die umbrella filter. 
However, as the filter collapses, the captured embolic material tends to be 
squeezed outwardly towards an open end of the filter and pieces of embolic 
material may escape firom the filter with potentially catastrophic results. More 
usuaUy, the filter umbrella is collapsed against die guidewire before removal 
through a catheter or the like. Again, as the filter membrane is collapsed, it will 
tend to squeeze out the embolic material. Further, tiie umbrella filter is generally 
fixed to the guidewire and any inadvertent movement of the guidewire during an 
interventional procedure can dislodge the filter. 

The insertion of such known filters in the human vasculanjre which comprises 
very small diameter blood vessels may result in inappropriate haemodynamics 
which can exacerbate damage to the flowing blood and may result ux haemolysis. 

This invention is therefore directed towards providing an emboUc protection 
device which will overcome these major problems. 
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<;tatgments of Invention 

According to the invention there is provided a vascular filtradon device 
comprising: 

a filter clement operable to remove embolic mateiial from bipod when in 
use, the filter clement having a plurality of openings disposed on at least a 
portion of the filter dement; 

wherein said openings are sized such that the shear stress imparted to 
blood moving tiirough said filter element at physiological flow rates is less 
than about 800 Pa. 

In a preferred embodiment of the invention the openings are generally circular 
openings. 

Preferably the filter element comprises between 200 and 500 openings with an 
average diameter of between SO and 200 microns. 

Most preferably the filter element comprises at least 200 openings vwth an average 
diameter of no more than 200 miaons. 

Ideally the filter element comprises less tiian 500 openings witii an average 
diameter of at least 50 microns. 

In a particulaiiy preferred embodiment the shear stress imparted to blood moving 
through said filter element at physiological flow rates is less than about 400 Pa. 
Most preferably the shear stress imparted to blood moving through said filter 
element at physiological flow rates is less than about 200 Pa. 
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Prefcrably the filter element comprises a collapsible filter body having a proximal 
inlet end and a distal outlet end. the proximal end of the filter body having one or 
more inlets to allow blood and embolic material to enter the filer body, the distal 
end of the filter body having the plurality of openings. Ideally, said filter body, 
when in a deployed configuration, includes a generally cyiindiical intermediate 
section between said proximal and distal sections. Preferably the distal section of 
the filter body is generally tapered when in a dqployed configuration. Ideally, said 
distal section of said filter body comprises at least a portion of die filter dement. 
Preferably said intermediate section of said filter body comprises at least a portion 
ofthe filter element 

In a preferred embodiment tiie filter body includes a circumferential groove. 

In one embodiment of tiie invention said filter body, when in a deployed 
configuration is defined by a generally elongated shape, having an intermediate 
section with an axial dimension and a transverse dimension, die ratio of the axial 
dimension to the transverse dimension being at least 0.5. Ideally, die ratio of the 
axial dimension to the transverse dimension is at least 1 .0 . 

In one embodiment said filter element is formed from film material, especially a 
perforated film. 

In another embodiment said filter element is formed from a mesh. 

Preferably die number of oudet holes increases towards an outer edge ofthe distal 
end of die filter body. 

In one aspect die invention provides a vascular filtration device comprising a 
collapsible filter body having a proximal inlet end and a distal ouflet end, die 
proximal end of die filter body having one or more inlet openings to allow blood 
and embolic material to enter die filter body, die distal end of die filter body 
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having at least 200 outlet openings with an average diameter of less than 200 
microns. Preferably the filter clement comprises between 200 and 500 openings 
with an average diameter of between 50 and 200 microns. IdeaUy, the filter 
element comprises at least 200 openings with an average diameter of no more 
than 200 microns, most preferably the filter dement comprises less than 500 
openings with an average diameter of at least 50 miaons. 

In another aspea the invention the invention provides a vascular filtration device 
comprising: 

a filter element operable to remove embolic material from blood when in 
use, the filter element having a plurality of openings di^sed on at least a 
portion of the filter element; 

wherein said pluraUty of openings is between 200 and 500 openings with 
an average diameter of between 100 and 200 miaons; and 

wherein said openings are sized such that the shear stress imparted to 
blood moving through said filter element at physiological flow rates is less 
than about 800 Pa. 

Preferably tbt openings are generaUy cnrcular. 

Ideally the filter element comprises at least 200 openings with an average diameter 
of no more than 200 miaons. Most preferably, the filter element comprises less 
than 500 openings vrith an average diameter of at least 100 microns. 
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In a furtiier aspect the inventioii provides a vascular filtration device comprising: 

a filter element operable to remove embolic material from blood when in 
use, the filter element having a surface and a plurality of openings disposed 
on at least a portion of the surface of the filter element; 

die openings being distributed over the surfecc of &e said filter dement 
with a non-uniform density; 

wherein said openings are sized such that the shear stress imparted to 
blood moving through said filter element at physiological flov/ rates is less 
than about 800 Pa. 

In another aspea the invention provides a vascular filtration device comprising a 
collapsible filter body having a proximal inlet end. a distal outlet end and an 
intermediate section extending between the proximal portion and the distal 
portion, the proximal end of the filter body having one or more inlet openings to 
aUow blood and embolic material to enter the filter body, the distal end of the 
filter body having a pluraUty of outlet openings, wherein in a deployed 
configuration the intermediate section is generally cylindrical with an axial 
dimension and a transverse dimension, the ratio of the axial dimension to the 
transveise dimension being at least 0.5. Ideally, said ratio is at least 1.0. 

In a particularly preferred embodiment the filter body defines a three dimensional 
matrix. 

Preferably the filter body is of a resilient elastomeric material. 



The filter body may be of a polyurethane elastomer. 
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The filter body may be of a polycarbonate urethane material. The polycarbonate 
urethane may be prepared by reaction of an isocyanete. a chain extender and a 
polycarbonate copolymer polyol of alkyl carbonates. 

In one embodiment of the invention the device includes: 

a delivery system comprising a tubular member having a 
longimdmal axis, distal and proximal portions, said distal portion of 
the tubular member being removably advanceable into the 
vasculature of a patient; 

a medical guidewire longitudinally axiaUy movable in said tubular 
member and having distal and proximal portions; 

the delivery system operably coupled to a fUter body at least during 
delivery, the filter body having; 

a first collapsed, insertion and withdrawal configuration and a 
second expanded, deployed configuration; 

a proximal inlet section and a distal outiet section, said proximal 
inlet section including inlet openings which are operable to admit 
body fluid when the filter body is in the second expanded 
configuration; 

a pluraUty of oudet openings disposed on at least a portion of die 
filter element adjacent to die distal oudet section; 

wherein said filter body is moved between said first and second 
configurations by displacement of said delivery system. 
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The filter body preferably has a collapsible filter frame and a filter dement 
operably coupled thereto. 

Preferably said guidewire is solid. 

IdeaOy said filter body comprises a sleeve slidably disposed on said guidewire. 

The device preferably further comprises stops for limiting die range of longitudinal 
movement of the sleeve on said guidewire. 

Ideally the sleeve further comprises a guide member distal to the filter body and 
tapering ^stally. 

Preferably said fhune comprises a plurality of support arms having proximal and 
distal ends. 

IdeaUy the arms are formed of an elastic shape memory material. 

Preferably said frame is constructed such that said filter body is biased toward said 
second, deployed configuration. 

In a preferred arrangement said inlet openings are defined at least partially by said 
arms. 

Ideally proximal portions of said arms extend generally outwardly and distally 
from said guidewire when said filter body is in said second, deployed 
configuration. 
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Preferably distal portions of said arms extend generaHy outwardly and proximally 
from said guidcwire when said filter body is in said second, deployed 
configuration. 

In one embodiment of Ac invention the distal portion of the tubular member 
further includes a pod for receiving tiierein the filter body when in said first, 
collapsed configuration. 

Preferably said filter body is urged into said first, coUapsed configuration by said 
pod when the guidewire is moved proximally. 

Brief Description of Drawings 

The invention will be more clearly understood from the foUowing description 
thereof given by way of example only with reference to the accompanying 
drawings in which:- 

Fig. 1 is a side view of an embolic protection device according to tiie 
invention, in use; 

Fig. 2 is a side view of the device of Fig. 1 in a pre-loaded position for 
insertion; 

Fig. 3A is a side view illustrating one method of fixing the device to 
catheter; 

Fig. 3B is a side view of an embolic protection device incorporating the 
fixing of Fig. 3 A; 

Fig. 4 is a side view illustrating another mediod of fixing; 
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Fig. 5 is an end view ofa split collar used in the fixing of Fig 4; 

Fig. 6 is a side view illustrating a further method affixing; 

Fig. 7 is an end view of a jubilee dip used in the fixing of Fig. 6; 

Fig. 8 is a side view of one filter dement used in the device of tfie 
invention; 

Fig. 9 is a side view of another filter element; 

Fig. 10 is a side view of flie filter dement of Fig 8 being removed; 

Fig- 11 is an isometric view of anoflier filter dement in an in-use placed 
configuration; 

Fig. 12 is a side view of the filter element of Fig. 11 in a retracted position 
for insertion and withdrawal; 

Fi^. 13 to 15 are side views of another filter dement in different positions; 

Figs. 16 and 17 are side views of part ofa further filter dement with a snap 
fit retrieval arrangement, 

Fig. 18 is a perspective, partially cross-sectional view of another embolic 
protection device shown mounted in a vessd; 

Figs. 19a to 19c are perspective views illustrating the formation of a 
collapsible filter support for use in the device of Fig. 18; 

Figs. 20 to 22 are perspective views of other filter dements; 
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Fig. 23 is an elevational view of another filter dement, 

Fig. 24 is a sectional view taken along the line XXIV-XXIV of Fig. 23; 

Fig. 25 is a sectional view taken along the line XXV-XXV of Fig. 23; 

Fig. 26 is an enlarged detail view of portion of the filter; 

Fig. 27 is an expanded view of the filter element of Fig. 23; 

Fig. 28 is a side view illustrating one method in which the substrate tubing 
that the filter element is attached to can run over the primary aossing 
guidewire; 

Fig. 29 is a side view illustrating the position in which the "olive" 
component will sit in oider to provide a smooth transition between the 
primary crossing guidewire and the loading pod; 

Fig. 30 is a perspective view of the filter element in its most distal position; 

Fig. 31 is a pei^ctive view of the filter element in its most proximal 
position; 

Fig. 32 is a perspective view of the filter element when the distal end of the 
filter is not bonded to the substrate tubing; 

Fig. 33 is a side view of a concertina shaped filter; A being when the filter 
is deployed and B when the filter is in its loaded shape; 
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Fig. 34 is a perspective view of the floating distal tip desiga with a spring 
dement incoiporated distal to the floating tip; 

Fig. 35 is a side view of another floating distal tip design with a spring 
incorporated in the distal tip; 

Fig. 36 is a side view of tiie floating distal tip design witii the shape 
memory alloy extending from the proximal end to tiie distal end; 

Fig. 37 is a perspective view of tiic mesh design incorporating a floating 
distal tip; 

Fig. 38 illustrates perspective views of filter geometries; 

Fig. 39 shows a fibrous mesh filter design witii fibres woven at the distal 
end and converging into a number of bundles at tiie proximal end; 

Fig. 40 is partially sectioned elevational view of an embolic protection 
device according to the invention; 

Fig. 41 is a schematic sectional elevational view of the embolic protection 
device of Fig. 40; 

Fig. 42 is a detail sectional view of portion of the device of Fig. 40; 
Fig. 43 b a longitudinal cross sectional view of the device of Fig. 40; 
Fig. 44 is a ctoss sectional view of a distal end of the device of Fig. 40; 
Fig. 45 is a view on the line A-A in fig. 44; 
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Fig. 46 is a perspective view of a filter body of the device of Figs. 40 to 45; 

Fig. 47 is a side elevation view of the filter body of Fig. 46; 

Fig. 48 is a view on a proximal end of the filter body; 

Fig. 49 is a developed view of the distal end of die filter body illustrating an 
arrangement of oudet holes; 

Fig. 50 is a perspective view of a support firame; 

Fig. 51 is a side elcvational view of the support frame; 

Fig. 52 is a perspective view iUustrating the manufacture of die support 
firame; 

Fig. 53 is a view of die support frame and filter element assembly; and 
Fig. 54 is a side elevational view of another filter body of the invention. 
Pi-taaedDescriDtion 

Referring to the drawings there are illustrated various embolic protection devices. 
The devices, in general, comprise a filter element for temporary placing in a 
desired position during a surgical or interventional procedure, typicaHy using a 
guidewire and cadieter. The filter dement provides a padiway for blood and has 
means for capniring and retaining undesired embolic material released during the 
surgical procedure. The filter element containing the retained embolic material is 
removed when the interventional procedure is completed. In tfiis way the patient 
is protected against the risk of stroke or other compUcations caused by the release 
of undesired embolic material during the procedure. 
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In one embodiment of the device it will be used in an over the wire transcatheter 
configuration. The clinician will cross the lesion with a steerable guidewire. The 
cerebral protection device will tiicn be threaded over the guidewire and will be 
placed distal to the site of the lesion being treated. By means of actuation, or 
other means, the filter is deployed into the vessel and will captore emboli that are 
generated or dislodged during a balloon inflation and stent placement The device 
consists of a filler attadied to a shaft that can run over die primary orossmg 
guidewire. 

Referring initially to Figs. 1 and 2 in this case the filter element consists of a 
compressible porous structure polymeric foam filter element 1 ovcrmoulded onto 
or joined to a polymeric or metalUc tube or spring or other hoUow support 
element 2. The foam filter dement 1 is conq»rcssed into a housing or pod 3 at a 
distal end of the catheter 6 to advance it to the required location. Once in situ the 
housing 3 is witiidrawn or the filter element 1 is advanced. This action allows the 
compressed filter element 1 to expand to the required size and occlude a blood 
vessel 4 except for the path or paflis provided through the filter element 1. The 
filter element 1 is designed to provide a pafliway or multiple pathways througib for 
blood cells and other blood constituents but to capture emboli of a size greater 
than the filter pore size. Blood flow rate is maintained by forming the filter 
element such that a local pressure drop across the filter is minimised. The filter 
dement 1 has proximal inlet end 7 and a distal outlet end 8. The inlet end 7 has a 
plurality of inlet openings sized to allow blood and embolic material enter the 
filter dement The outlet end 8 has a plurahty of outlet openings sized to allow 
through passage of blood but to retain undesired embolic material widiin the hody 
of the filter dement 1. 

The filter element 1 in this case is of a porous strucmre or polymeric foam which 
has a open cell structure with a typical density less than 400 kg per cubic meter. 
Preferably the density win be less than 100 kg per cubic meter and ideally wffl be 
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less than 50 kg per cubic mecer. The fflter properties may be achieved through 
appropriately sizing the pores of the foam body or additionally by removing 
material to create appropriately sized pathways for blood to flow through and 
means of capturing larger sized partides. A number of configurations for this will 
be described that can taUor both the sizing and flow rate characteristics of the fflter 
element 1 either independently or simultaneously. The actuation and deployment 
of the fflter clement 1 are achieved by providing relative motion between the fflter 
element 1 and the covering housing 3. 

It is not desirable that the catheter moves relative to the support element 2 during 
manipulation. Motion may be prevented by fixing the inner support element 2 to 
the catheter 6 in a number of different ways. In the embodiment described this is 
achieved by way of having a catheter 6 covering the support element 2 and fflter 
dement 1 to which it is fixed. As fflnstrated in Figs. 3A and 3B the fixing may be 
achieved by means of a shrink wrap tube 5 that is shrunk to capture both the 
covering catheter 6 and the inner support element 2. Once the fflter element 1 is 
in the desired position, the shrink-wrap joint is broken using the peel-away tab 7 
to allow the outer catheter 6 to be removed pioximaUy and leave the support 
element 2 and fflter element 1 in place. 

A number of other workable arrangements could be used to join the support 
element 2 and catijeter 6. A split collar arrangement 10 (Figs. 4 & 5) could be 
used that was removable by means of unlocking a saew or a number of screws or 
an arrangement such as a jubilee dip 11 (Figs. 6 & 7) whidi could be loosened to 
free the bond between tfie components. 

Another method that could be used to temporarily fix the inner suppon element 2 
to the outer sheath or catheter 6 is a Hemostatis High Pressure Touhy Borst Y 
adapter. This commerciaUy avaUable adapter is needed to enable the physician to 
flush die sheath before being inserted into the aneiy. The outer sheath or catheter 
may be permanentiy attached to diis adapter. The inner mbular supper element 2 
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runs through the Touhy Borst section of the adapter and thus through the centre 
of the sheath. Tightening the Touhy Boist section releases this grip, thus allowing 
the inner nibular support element 2 and the outer sheath to move relative to each 
other once agaiiL 

The design of the filter dement 1 is shown in a typical embodiment in Fig. 8, 
where a foam substrate fUter body has material removed to create, a series of 
channels or pafliways 20 for the blood to flow through but which would cause a 
restriction for emboUc material to prevent it going through the fflier. The 
pathways 20 may be machined using a variety of methods such as laser cutting 
with exdmer, UAG, C02, or other laser type, fteezing and machining or lost wax 
machining. A number of arrangements are possible with the sizing reflective of 
the reipiirements. In the configuration shown, ihe mlet holes are preferably 0.5 
mm or greater in size to capture large emboli while the oudet holes are less than 
300 microns. These can be easfly varied as required to filter difiering sized 
partides from a variety of fluid media in a variety of vessel sizes. 

The filter media can be bonded to the tubmg substrate by way of a variety of 
available tedmologies sudi as medianical. solvent or adhesWe bonding and 
overmoulding in an arrangement sudi that the substrate is placed in the mould 
and the polymer material is then shot into the mould and forms a bond at the 
interfece between the substrate and the polymer dement. AddMonally, the foam 
or porous dement could be extruded onto or bonded to a substrate. 

It will be nottd that the filter dement 1 has a rounded distal end 21 to fedlitate 
insertion and the proximal end 22 is tapered to fadUtate withdrawal 
Altemativdy. as illustrated in Fig. 9 the distal end 23 may be tapered. 

Referring particularly to Fig. 10 at the end of the interventional procedure, the 
device can be withdrawn by means of advancing a large open catheter 25 to the 
proximal end 22 of the filterl and pulling the filter 1 into the caflieter 25. The 
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filter 1 will compress and seal the proximal Wter inlet openings after the initial 
taper is drawn into the catheter 25 before collapsing the rest of the filter body. 
Once the filter 1 has been withdrawn fully into the catheter 25 it can then be 
readily removed from the patient. The filter 1 will contain the captured emboli. 

In another embodiment of the invention as illustrated in Figs. 11 to 15, an 
anangement of spokes 30 covered with a membrane or porous fabric or mesh 31 
can be folded down into a delivery sheadi or pod for subsequent deployment in 
the target vessel. The design consists of a substrate shaft 33 onto which are 
radiaUy or circumferentially bonded a series of pre-shaped wires 30. The wires 30 
are joined on the proximal end into a movable coUar or tube 32 mounted on die 
substrate shaft 33 and at die distal end into a fixed mbe 34. The tube 32 can move 
proximaUy and distally to die extent that it will open and dose the assembly in a 
manner similar to an umbreHa and thereby occlude the vessel. The spokes 30 may 
be fabricated in a range of metallic, polymeric and composite materials. The 
frame is covered with a porous material 31, whose pore size is selected to allow 
the media through, effectively creating a screen filter. The covering fabric 31 
could be bonded to the frame 30 by means of casting a material such as 
polyurethane or PET onto die pre-fonned shape. The film may then be lazed or 
made porous by other means such as mechanical or heat punching or by chemical 
etching. Additionally, incorporating a soluble particle in die polymer matrix, 
subsequent removal of the particle would render the polymer porous. Control of 
porosity is achieved by tailoring the ratio and distribution of the particulate within 
the polymer matrix. 

When the assembly is configured longitudinally a sheath or pod may be slid over 
it to cover it. As with the previous embodiment, the loaded catheter is positioned 
in the required location by threading it over the guidewire. Once the desired 
location has been reached, the sheath may be moved back and aUow the assembly 
be exposed in the vessel, A sleeve 35 can then be moved forward to open or 
deploy the assembly. The relative sizing and choice of materials operates such 
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that the sleeve 35 wffl not slide on the inner nibing unless an external force is 
applied to move it When deployed, the device wiU remain open and catch 
whatever emboUc material is moving towards the brain. At the end of the 
procedure, a pre-shapcd component advanced over the inner tube will dock with 
die movable mbe 32 and aUow it to be did towards flie proximal end of flie device 
widi the lesultAat the structure is dosed. A larger sheath can dien separatdy be 
advanced to the site of flie filter and die filter may be puUed or manipulated 
prozimany into it. When vriflidrawn into die sheadi or caAettr, die device may 
then be removed ddier over die guidewire or widi it 

Refening to Figs. 16 to 17 diere is iUustrated anodier embolic protection device. 
In diis case die filter element has a design based on a diapcd tiiin fihn convonent 
bonded onto die tubing substrate. A wide number of shapes could be made to 
wodc in die application. An dement which dirough its pre-shaped form will open 
into a framework 40 when die restraining force is removed is attached to a tubing 
substrate 51. ITie frame element 40 can be manufactured from a range of metallic 
or polymeric components such as a shape memory aUoy like Nitinol or a shape 
memory polymer or a shaped stamless sted or metal widi similar propeities diat 
wiO recover from ddbrmation sufficientiy to cause die fflm component to open. 
Odierwise a medianical movement or acniation can cause die device to open. 
The shaped fihn component is attached over the frame 40. The fihn component 
can be formed by a number of known commercial technologies. These hidude 
blow-moulding, dip castmg, solution casting, spin casting and fihn wdding as wdl 
as adhesive joining. The object is to produce a formed shape diat can be opened 
in die vessel to a size and shape to oodude it. Filtration is achieved by creating a 
pattern or series of openings in die proximal and distal ends of die element diat 
allows emboli and blood to enter die device but having a range of smaller 
openings in die distal end to aflow die blood to pass dirough to die distal 
vasculature while retaining die emboli. 
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Whilc being delivered to the required site, the filter element is covered or 
restrained by a sheath. By withdrawing the sheath or advancing the filter device, 
the filter is uncovered and opens to occlude the vessel. During the procedure, the 
filter acts to capture all embolic material that attempts to flow distally. At the end 
of the procedure, a sheath is advanced to the proximal end of the device and the 
filter is pulled proximally into it with the retained emboli captured. In this design 
configuration, the emboli can easily be removed for analysis afterwards. 

The invention above is described as it relates to a device that can be used over a 
medical guidewire. The opportunity exists to configure the invention in a manner 
that it could in itself be used as the primary crossing device. All of the filter 
designs described above could be mounted onto either the over die wire or the 
primaxy crossing device as described hereunder. For a primary crossing device die 
filter would be bonded to a solid substrate. Some benefits would accrue in that the 
inner diameter onto which the filter could be wrapped down would be smaller 
because it would not need to move over another instrument. Fig. 18 illustrates the 
differences involved. The filter element 1 is mounted on the substrate shaft 33. A 
collapsible filter support element 50 is mounted on the substrate shaft 33 at a 
I»oximal end of die filter 1. The support element 50 has a number of foldable 
arms 51 which collapse against die shaft 33 for deployment and upon release 
extend outwardly to expand the filter 1 in the vessel. 

Referring to Figs. 20 to 22 there is shown alternative constructions of filter 
element comprising a compressible filter 1 shown in an expanded position widi a 
large inlet opening 60 and smaller outlet openings 61. A collapsible wire support 
62 is provided at a proximal end of the filter 1. The wire support 62 is collapsible 
with die filter 1 within a housing or pod for deployment and upon release expands 
to support the filter 1 in the vessel 4. 

An alternative filter arrangement is shown in Figs. 23 to 27. In this case, the filter 
comprises a Nitinol mesh which is expandable fi-om a collapsed position shown in 
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Fig. 23 for deployment to an expanded in use position shown in Fig. 27 to provide 
a filter body 65 with proximal inlet 66 and distal oudets 67. 

For a primary crossing device, the distal end of the device will be flexibie and 
atraumatic. This can be achieved by a number of means such as fabricating a 
spring or polymeric element to be flexible enough to deflect when it comes into 
contact with the walls of the vessel. The tip section would be mounted distally to 
the filter element. An intermediate section of the device win house ihc filter 1 
which would be covered prior to deployment. A sheath could be fully the length 
of the device or attached by an actuator to a shorter sheath that covers the filter 
only. The proximal section of the device will provide a platform for the baUoon 
dilation and stent devices. The provision of a platform may be achieved as shown 
by removing the proximal covering to expose a wire or spring assembly. 
Alternatively, the whole proximal section could function as the platform. 
Essentially, to function as die platform for balloon catheter and stent, the devices 
should be sized widi an outside diameter dimension that allows free movement of 
the catheter systems over it. Typical industry standards for coronary products 
permit free movement of devices over a 0.014" or 0.018" diameter while 
peripheral angioplasty applications use a 0.035" OD. 

Referring to Fig. 28 the tubing substrate 33 onto which the filter element is bonded 
can move between two stoppers 63 and 64, the stoppers are mounted on the 
primary aossing guidewire 2. The stoppers can be manufactured from a range of 
metaUic or polymeric components, which will permit movement of the tubing 
substrate 33 between them. The stoppers may also be in the form of a step in the 
actual medical guidewire. A large variation in distances between stoppers 63 and 
64 could be made to work m this application. The stoppers are sized to prevent 
movement of the tubing substrate either over or under them so that they act as a 
stop position for the tubing substrate in both their proximal and distal locations. 
The stoppers can be mounted onto the primary aossing guidewire by a number of 
known commercial technologies; these include soldering, welding, braising. 
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crimping and adhesive bonding. The proximal stopper will be smaU enough in 
size to fit into the internal shaft of the delivery catheter. The filter element can 
move axially and rotationaUy independendy of the guidewire. This allows for 
good wire movement and control of filter position. The filter position will be 
maintained during the exchange of catheters. Any commercially known available 
guidewire can be adapted accordingly and used with this technique. 

Fig. 29 refers to an "olive" 65; the olive component can be manufacoired fi-om a 
range of metallic or polymeric components such as polymeric foams, plastics, 
stainless steel or metal. The olive will allow a smooth transition between the 
guidewire 2 and the pod 3 into which the filter element is loaded and also aUows 
for easy positioning of the filter element within the pod. The olive can be directly 
attached to the guidewire or it may also be attached to a tubing substrate 33. The 
olive can be attached to the guidewire or tubing substrate by a range of known 
techniques such as adhesive bonding and soldering. The oHvc wiD work as 
required for a range of distances distal to the filter element. A wide number of 
shapes and sizes could be made to work as the olive component. 

Fig. 30 refers to the filter element 1 when it is positioned in its most distal 
position. The filter element may achieve this position during loading or after 
deployment. The stopper element 64 prevents the filter element 1 from moving 
beyond it in the distal direction. 

Fig. 31 illustrates the filter element in its most proximal location the filter element 
may achieve this position when deploying the device or after deployment. The 
stopper element 63 prevents the filer element 1 firom moving beyond it in the 
proximal direction. 

Fig. 32 refers to a floating distal dp in this case a stopper component 66 is placed 
proximal to the distal end of the filter. The most distal end of the filter being fixed 
to a marker bond 70 or other suitable substrate. The marker bond 70 is not fixed 
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to the substrate tubing 33. This allows the distal end of the filter freedom of 
movement in the axial direction beyond the stopper component. The stopper 
component can be made to work using any shape or form so as to prevent 
movement of die distal end of the filter in the proximal direction beyond the point 
of fixturing of die stopper component. The stopper component may be 
manufactured from metals or polymeric material, it can be joined to the tubing 
substrate 33 by a number of existing technologies including adhesive bonding and 
soldering. The stopper component 66 will work when placed in any location 
between 50 and 70. A floating distal tip on flie filter element will facilitate the 
loading of the filter element into the loading pod as the filter can now extend in 
the axial direction and dierefbre be wrapped down over a greater length. This will 
reduce the loading force required and also reduce the profile of the loaded filter. 
The floating distal tip design will facilitate the loading of a large range of filter 
designs. 

Fig. 33 refers to a concertina shaped filter with a floating distal t^), This filter 
geometry adds to die circumferential integrity of the filter and thus prevents the 
formation of creases along the length of the filter. "A" illustrates the filter as it 
will be when in position. "B" illustrates how the distal tip will extend in the axial 
direction when the filter element is loaded into a loading pod. The floating tip 
design can be used to accommodate die loading of many filter shape designs. For 
the filter design shown a longer pod is needed to accommodate die increase in 
axial length of the filter dement when loaded. 

Fig. 34 refers to the floating distal tip design with a spring element 67 incorporated 
into the design. The spring is placed disUl to the filter element. As previously 
illustrated in Fig. 33. the floating distal tip extends in the axial direction when 
loaded, the spring acts as a safety device when the filter is deployed and ensures 
die return of the floaring distal tip to its primary location. The spring element will 
be soft enough to allow the distal tip to extend freely in the disul direction during 
loading but stiff" enough to push the distal tip back to its primary location after 
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deployment. The spring element can be manufactured from either a polymeric or 
metal component. The spring element can be mounted onto a substrate 33 and a 
stopper component used to prevent axial movement of the spring in the distal 
direction. Other methods of keeping the distal end of tiic spring clement 
stationary could be used such as bonding, welding, crimping, soldering or 
crimping the distal end of the spring onto the substrate 33. This technique could 
also be made to work with the spring being part of the actual guidewire. There are 
many other configurations by which a rettim spring element may be incorporated 
into the filter as shown in Fig. 35 and 36. 

In Fig. 35 the spring element 67 is bonded to the substrate 33 at its proximal end 
and the distal end of the filter element is bonded to the spring shaft. This design 
allows the distal end of the filter element to extend in the distal direction. The 
extension length could be deteraiined by cither die positioning of a stopper 68 or 
the stifihess of the spring. When external forces are removed from the filter die 
spring will renim the filter to its primary location. In Fig. 36 a shape memory 
alloy sudi as nidnol is used to return the filter to its primary location. The nitinol 
support frame 69 is fixed to the substrate 33 at its proximal end 70 and is floating 
at the distal end 71. The shape memory properties of the nitinol wUl ensure that 
the filter element returns to its primary location. This design can facilitate the use 
of any other commercially available or known shape memory alloys. This design 
could also be made to work using a spring component. 

Fig. 37 again incorporates the floating distal tip design. The filter body 65 as 
previously illustrated in Fig. 27 is mounted onto a substrate 33. At the proximal 
end the stent is fixed to the substrate. The floating distal tip design allows the 
filter body 65 to extend in Ihe distal direction. As the filter body 65 extends there 
is a reduction in its outside diameter and an inaease in it overall length. There 
may or may not be need for a stopper 68 as the filter body 65 wiD extend up to its 
own elastic hmit which is determined by its size and geometry. The shape 
memoiy ftinction of the filter body 65 will cause the distal tip to return to its 
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primary location when external forces are removed from it. The proximal end of 
the fUter body 65 may be fixed to the substrate by a number of known 
technologies such as bonding, soldering or crimping. 

5 Fig. 38 illustrates a number of different filter designs which could be made to work 
as embolic protection devices. These filter designs all work to reduce the 
longitudinal length of aeases which may occur should the filter be oversized, 
therefore acting as crease breaken. Either ends of the filters shown could act as 
both proximal and distal ends for the filter. The filter body may be mbular or 
10 frusto-conical. 

Referring to Figs. 40 to 42 there is illustrated an einbolic protection device 
according to the invention indicated generally by the reference number 100. The 
device 100 has a guidewire 101 with a proximal end 102 and a distal end 103. A 
15 tubular sleeve 104 is slidably mounted on the guidewire 101, A collapsible filter 
105 is mounted on the sleeve 104, the filter 105 being movable between a 
collapsed stored position against the sleeve 104 and an expanded position as 
shown in die drawings extended outwardly of the sleeve 104 for deployment in a 
blood vessel. 

20 

The sleeve 104 is slidable on the guidewire 101 between a pair of spaced-apart end 
stops, namely an inner stop 106 and an outer stop which in this case is formed by 
a spring tip 107 at the distal end 103 of the guidewire 101. 

25 The filter 105 comprises a mesh net 1 10 mounted over a collapsible support frame 
111. The mesh net 1 10 is gathered in die sleeve 104 at each end. the net 1 10 being 
rigidly attached to a proximal end 112 of the sleeve 104 and the net 110 being 
attached to a collar 115 which is slidable along a distal end 114 of the sleeve 104. 
Thus the distal end of die net 1 10 is longinidinally slidable along the sleeve 104. 

30 The support frame 1 1 1 is also fixed at the proximal end 1 12 of the sleeve 104. A 
distal end 116 of the support ft^me 111 is not attached to the sleeve 104 and is 
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djus also fice to move longitudinally along the sleeve 104 to facilitate collapsing 
the support frame 111 against the sleeve 104. The support frame 111 is such that 
it is naturany expanded as shown m the drawings and can be collapsed inwardly 
against the sleeve 104 for loading in a catheter 1 18 or the like. 

The filter 105 has large proximal inlet openings 117 and small distal oudet 
openings 119. The proximal inlet openings 117 allow blood and embolic material 
to enter the fUter body, however, the distal outlet openings 119 allow through 
passage of blood but retain undcsircd embolic material within the filter body. 

An olive guide 120 is mounted at a distal end of the sleeve 104 and has a 
cylindrical central portion 121 with tapered ends 122, 123. The distal end 122 
may be an arrowhead configuration for smooth transition between die catheter 
and oUves surfaces. The support frame 111 is shaped to provide a circumferential 
groove 125 in the fiUer net 110. If the filter is too large for a vessel, die net may 
crease and this groove 125 ensures any aease does not propagate along flie filter. 

Enlarged openings are provided at a proximal end of the filter net 1 10 to allow 
ingress of blood and emboUc material into an interior of the net 110. 

In use the fiher 105 is mounted in a coUapsed state within a distal end of the 
cadietir 118 and delivered to a deployment site. When the filter is coirecdy 
positioned die catheter 118 is retracted aUowing the support frame 111 to expand 
inflating the net 110 across the vessel in which the filter is mounted. Blood and 
emboU can enter the enlarged openings at a proximal end of the net 110. The 
blood wiU pass through the net wall, however, the openings or pores in the net are 
sized so as to retain the embolic material. After use the catheter is deUvered along 
the guidewire 101 and slid over the filter 105 engaging the proximal inlet 112 first 
to dose the openings and then graduaUy collapsing the net against the sleeve 104 
as the cadieter 118 advances over the filter 105. Once the filter 105 is fidly loaded 
in the catheter 1 18, it can then be vrithdrawn. 
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It will be noted that a proximal end of the filter is fixed and a distal end of the 
filter is longitudinally movable along the sleeve to facilitate collapsing of the filter 
net. 

Further, the catheter engages the proximal end of the filter net first thus closing 
the filter net inlet and preventing escape of embolic material firom the filter net as 
the filter net is being collapsed. 

The outer filter body 110 is preferably of a resilient biocompatible elastomeric 
material. The material may be a polyurethane based material. There are a series 
of commercially available polyurethane materials diat may be suitable. These are 
typically based on polyethcr or polycarbonate or silicone macroglycols together 
with a diiocyanate and a diol or diamine or alkanolamine or water chain 
extender. Examples of these are described in EP-A461,375 and US 5,621,065. In 
addition, polyurethane elastomers manufactured from polycarbonate polyols as 
described in US 5,254,622 (Szycher) are also available. 

The filter body may also be a biostable polycarbonate urethane article an example 
of which may be prepared by reaction of an isocyanate. a cham extender and a 
polycarbonate copolymer polyol or alkyl carbonates. This material is described in 
our co-pending PCT Application No. IE.98/00091, filed November 9. 1998, the 
entire contents of which are incorporated herein by reference. 

The filter body may be manufactured firom a block and cut into a desired shape. 
However the filter is preferably formed by dipping a rod of desired geometry into 
a solution of the material which coats the rod. The rod is then dissolved. The 
final geometry of the filter may be determined in the dipping step or the final 
geometry of the filter may be determined in the dipping step or the final geometry 
may be achieved in a finishing operation. Typically the finishing operations 
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involve processes such as mechanical machining operations, laser machining or 
chemical machining. 

The filler body is of hollow construction and is formed as described above by 
dipping a rod in a solution of polymeric material to coat the rod. The rod is then 
dissolved, leaving a hoUow body of polymeric material. The rod may be of an 
acr^c material whidi is dissohred by a suitable solvent such as acetone. 

The polymeric body thus formed is madrined to die shape illustrated in Figs . 40 to 
53. The final madiined filter body comprises an inlet or proxinial portion 210 
yritii a proximal nedc 212, an outlet or distal portion 213 with a distal neck 214, 
and an intennediate portion 215 between die proximal and distal portions. 

The inlet holes 117 are provided in flie proximal portion 210 which allow both 
blood and emboBc material to flow into die filter body. In diis case die proximal 
portion 210 is of generaHy conical shape to maximise die hole size. 

The oudet holes 119 are provided in the distal portion 213 which allow blood to 
pass and retain embolic material in die filter body. 

We have found diat die optimum average diameter of die oudet holes is fiom 100 
to 200 miaons, ideally approximately 150 microns. The number of holes in die 
distal portion 213 is ftom 200 to 500. ideaHy about 300. This hole size and 
number of holes minnnises shear levds by reducing localised flow rates. Thus, we 
have found diat shear can be maintained below 800. preferably below 500 and 
ideaUy below 200 Pa at a blood flow rate of up to 270 ml/min in a 4 mm blood 
vessel. 

We have found diat by maintaining blood shear below 800, preferably below 500 
and ideally below 200 Pa, die filter provides appropriate haemodynamics to 
minimise mrbulence and inappropriate shear stress on native arteries and veins. 



wo 00/67664 



PCT/1E99/00033 



-28- 

Damage to flowing blood such as haemolysis which involves the destruction of 
red blood cefls by ropture of the cell envelope and release of contained 
haemoglobin is avoided. The oudet hole size and number of holes is optimised in 
order to capture embolic material, to allow the embolic material to be entrapped 
5 in the filter body and to be wididrawn through a deUvery device such as a deUvery 
catheter on collapsing of the filter body. 

Shearing of red blood and damage platelets during filtration is a problem easily 
solved in extra-corporeal circuits by providing large filter areas with consequent 
10 low flow rates through individual pores controlled to flow rates such that the shear 
is maintained in ranges that are below known threshold levels with clinical 
relevance. 

However, as shear stress increases in inverse proportion to the cube of the radius, 
15 small blood vessels do not provide space in which to control shear levels by 
reducing localised flow rates. At flow rates up to 270 ml/min in a 4nun blood 
vessel we have found that we can maintain shear at levels below 200 Pa with 150 
miaon holes. 

20 The generaUy conical shape of the distal portion 213 facilitates the provision of a 
relatively large number of outlet holes without adversely affecting the structural 
properties of the filter body. However, several other geometries are possible such 
as a double cone 250, 251 and intervening cyhnder 252. Such a filter body 23 is 
iUustrated in Fig. 54. This geometry facflitates the provision of an even greater 

25 number of oudet holes. 

The intermediate portion 215 is also hollow and in this case is of generaUy 
cylindrical construction. This is important in ensuring more than simple line 
contact with the surrounding blood vessel. The cylindrical strucmre aDows the 
30 filter body to come into soft contact with the blood vessel to avoid damaging the 
vessel wall. 
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The intermediate portion 215 is provided with a radial stiffening means, in this 
case in the form of a radial strengthening ring or rim 220. The ring 220 provides 
localised stiffening of the filter body without stiffening the material in contact with 
the vessel. Such an arrangement provides appropriate structural strength so that 
circumferential apposition of the filter body to the vessel wall is achieved. It is 
expected that other geometries of stiffening means will achieve a snnilar result. 

The tubular intermediate portion 215 is also important in maintaining the stability 
of the filter body in situ to retain captured emboli and to ensure that flow around 
the filter is minimised. For optimum stability we have found that the ratio of the 
length of the intermediate portion 215 of the filter body to the diameter of the 
intermediate portion 2 16 is preferably at least 0.5 and ideally greater than 1 .0. 

The collapsible support frame 1 11 has fbur fbldable arms 290 which axe collapsed 
for deployment and upon release extend outwardly to expand the filter body 1 10. 

The support frame 1 1 1 can be manufactured from a range of metaUic or polymeric 
components such as a shape memory aUoy like nitinol or a shape memory 
polymer or a shaped stainless steel or metal with similar properties that will 
recover from the deformation sufficiently to cause the fUter body 110 to open. 

The support frame may be formed as illustrated in Fig. 52 by machining slots in a 
tube 291 of shape memory afloy such as nitinol. On machining, the unslotted 
distal end of the mbe filter forms a distal collar 293 and the unslotted proximal 
end of the mbe forms a proximal coUar 294. In use, as described above, the distal 
coDar 293 is slidably movable along the tubular sleeve 104 which in turn is 
sUdably mounted on the guidewire 101 for deployment and retrieval. The 
proximal collar 294 is fixed relative to die tubular sleeve 104. 
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To load the fUter the sub assembly of the support frame and filter body is puUed 
back into the catheter 1 18 to engage the distal stop 107. The support arms 290 are 
hinged inwanliy and the distal coUar 293 moves forward along the tubular sleeve 
104. As the support arms 290 enter die catheter 118 the filter body 110 stretches 
as the filter body coUar 115 slides along the tubular sleeve 104 proximal to the 
olive 120. On deployment, die catheter 118 is retracted proximaUy along die 
guidevnre 101 initiany brinpng die collapsed filter assembly with it until it 
engages Ae proximal stop 106. The cadieter sleeve then begins to puU off die 
filter freeing the support arms 290 to expand and die filter body apposes flie vessel 
wall 

For retrieval, a letrieval cadieter is introduced by sliding it over the guidewire 101 
until it is positioned at die proximal end of the filter body and support frame. 
Pulling die guidewire 101 wffl initially engage the distal stop 107 widi die filter 
dement and begin to pull it into die retrieval cadieter. The initial travel into die 
deUvery cadieter acts to close die proximal openings of the filter element, thus 
entrapping die embolic load. As die filter continues to be pulled back die filter 
body and die support frame are enveloped in die retrieval cadieter. The coEapsed 
filter may then be removed fixim the patient. 

Conveniendy die tip of die cadieter which forms a housing or pod for reception of 
die filter is of an elastic material which can radially expand to accommodate die 
filter vrifli die caphired emboUc material. By correct choice of material, die same 
cadieter or pod can be used to deploy and rettieve die filter. For deployment, die 
elastic material holds die filter in a tighdy coUapsed position to minimise die size 
of die cadieter tip or pod. Then, when retrieving the filter, the cadieter tip or pod 
is sufficiendy elastic to accommodate die extra bulk of die filter due to die embolic 
material. 
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Ako, the filter is not fast on the guidewire and thus accidental movement of the 
guidewire is accommodated without unintentionally moving die filter, for 
example, during exchange of medical devices or when changing catheters. 

It win also be noted that the filter according to the invention does not have a sharp 
outer edge as with many umbreDa type filters. Rather, the generaUy tubular fUter 
shape is more accommodating of the interior walls of blood vessels. 

Conveniendy also when the fflter has been deployed in a blood vessel, the catheter 
canbe removed leaving a bare guidewire proximal to the filter for use with known 
devices such as balloon catheter and stent devices tipstream of the filter. 
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aaims 

1 . A vascular filtration device comprising: 

a filter element operable to remove embolic material firom blood 
when in use. the filter element having a plurality of openings 
disposed on at least a portion of the filter element; 

wherein said openings are sized such that the shear stress imparted 
to blood moving through said filter element at physiological flow 
rates is less than about 800 Pa. 

2. A device as claimed in claim 1 wherein the openings are generally circular 
openings. 

3. The device of daim 1 or 2 wherein the filter element comprises between 
200 and 500 openings with an average diameter of between 50 and 200 
miaons. 

4. The device of any of daims 1 to 3 wherein the filter element comprises at 
least 200 openings with an average diameter of no more than 200 microns. 

5. The device of any of daims 1 to 4 wherein the filter element comprises less 
than 500 openings with an average diameter of at least 50 miaons. 

6. The device of any of daims 1 to 5 wherein the shear stress imparted to 
blood moving through said filter element at physiological flow rates is less 
than about 400 Pa. 
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7. The device of any of daims 1 to 6 wherein the shear stress imparted to 
blood moving through said fflter dement at physiological flow rates is less 
than about 200 Pa. 

8. The device as daimed in any preceding daim wherein the fUter element 
comprises a coUapsible filter body having a proximal inlet end and a distal 
outlet end, the proximal end of the filter body having one or more inlets to 
allow blood and emboUc material to enter the filer body, the distal end of 
the filter body having flie plurality of openings. 

9. The device of daim 8, wherein said filter body, when in a deployed 
configuration, indudes a generally cyhndiical inteimediate section 
between said proximal and distal sections. 



10. 



nie device of dafan 9. wherein the distal section of the fflter body is 
generally tapered when in a deployed configuration. 



11. The device of daim 10, wherein said distal section of said filter body 
comprises at least a pntion of flie filter clement. 

12. The device of daim 9 wherein said intermediate section of said filter body 
cowptises at least a portion of flie filter dement. 

13. The device of any of daims 9 to 12 wherein said filter body indudes a 
circumferential groove. 

14. Tlic device in any of daims 1 to 13. wherein said filter body, when in a 
deployed configuration is defined by a generaUy elongated shape, having 
an intermediate section with an axial dimension and a transverse 
dimension, the ratio of the axial dimension to the transverse dimension 
being at least 0.5. 
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15. The device of daim 15 wherein the ratio of the axial dimension to the 
transverse dimension is at least 1 .0. 

16. The device of daim 1. wherein said filter element is formed from film 
material. 

17. The device of daim 1, wherein said filter dement is formed torn a mesh. 

18. The device as daimcd in any of daims 8 to 17 wherein the number of 
outlet holes inaeases towards an outer edge of the distal end of the filter 
body. 

19. A vascular filtration device comprising a collapsible filter body having a 
proximal inlet end and a distal oudet end, the proximal end of die filter 
body having one or more inlet openings to allow blood and emboUc 
material to enter the filter body, die distal end of the filter body having at 
least 200 outlet openings with an average diameter of less than 200 
microns. 

20. The device of daim 19 wherein the filter element comprises between 200 
and 500 openings with an average diameter of between 50 and 200 
microns. 

21 The device of daims 19 or 20 wherein the filter element comprises at least 
200 openings with an average diameter of no more than 200 miaons. 



22. The device of any of daims 19 to 21 wherein the filter element comprises 
less than 500 openings with an average diameter of at least 50 microns. 
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23. A vasculai filtration device comprising: 

a fater element operable to remove embolic material from blood 
when in use, the fflter element having a pluraHty of openings 
disposed on at least a portion of the filter element; 

wherein said ptaraUty of openings is between 200 and 500 openings 
with an average diameter of between 100 and 200 nricrons; and 

wherein said openings are sized such that the shear stress imparted 
to blood moving through said fflter element at physiological flow 
rates is less than about 800 Pa. 



24. The device ofdaim 23, vrtierein the openings are generally circular. 

25. The device of daim 23. wherein the fflter element comprises at least 200 
openings with an average diameter of no more than 200 microns. 

26. The device of daim 23. wherein the fflter element comprises less than 500 
openings with an average diameter of at least 100 miaons. 

27. A vascular ffltration device comprising: 

a fflter dement operable to remove emboUc material from blood 
when in use. the fflter dement having a surface and a plurality of 
openings disposed on at least a portion of the surfece of the fflter 
element; 

the openings being distributed over the surfece of the said fflter 
element with a non-uniform density; 
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wherein said openings are sized such that the shear stress imparted 
to blood moving through said filter element at physiological flow 
rates is less than about 800 Pa. 

28. A vascular filtration device comprising a collapsible filter body having a 
proximal inlet end. a distal oudet end and an intermediate section 
extending between the proximal portion and the distal portion, the 
proximal end of the filter body having one or more inlet openings to allow 
blood and embolic material to enter the filter body, ttie distal end of tfie 
filter body having a plurality of outlet openings, wherein in a deployed 
configuration the intermediate section is generally cylindrical vwth an axial 
dimension and a transverse dimension, the ratio of the axial dimension to 
the transverse dimension being at least 0.5. 

29. The device as claimed in claim 21 wherein said ratio is at least 1 .0. 

30. The device as claimed in any preceding daim wherein the filter body 
defines a three dimensional matrix. 

31 . The device as claimed in any preceding daim wherein the filter body is of a 
resilient dastomeric material 

32. The device as claimed in any preceding daim wherein the filter body is of a 
polyurefliane elastomer. 

33. The device as daimed in any preceding daim wherein the filter body is of a 
polycarbonate urethane material. 
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34. TTie device as claimed in claim 33 wherein the poiycaibonate urethane is 
prepared by reaction of an isocyanete. a chain extender and a 
polycarbonate copolymer polyol of alkyl carbonates. 

35. The device as claimed in any preceding claim including: 



a delivery system comprising 

a tubular member having a longitudinal axis, distal and 
proximal portions, said distal portion of the oibular member 
being removably advanceable into the vasculature of a 
patient; 

a medical guidewire longLmdinaBy axiaUy movable in said 
tubular member and having distal and proximal portions; 

the delivery system operably coupled to a filter body at least during 
delivery, the filter body having; 

a first collapsed, hisertion and withdrawal configuration and 
a second expanded, deployed configuration; 

a proximal inlet section and a distal oudet section, said 
proximal inlet section indudusg inlet openings which are 
operable to admit body fluid when the filter body is in die 
second expanded configuration; 

a plurality of outlet openings disposed on at least a portion 
of the filter element adjacent to die distal outiet section; 

wherein said filter body is moved between said first and second 
configurations by displacement of said deUvery system. 
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36. The device of claim 35 wherein the filter wherein the filter body has a 
collapsible filter frame and a filter element operably coupled thereto. 

37. The device of claim 35 or 36 wherein said guidewire is solid. 

38. The device of daim 35 wherein said filter body comprises a sleeve slidaWy 
disposed on said guidewire. 

39. The device of daim 38 fiirthcr comprising stops for limiting the range of 
longitudinal movement of the sleeve on said guidewire. 

40. The device of daim 39 wherein the sleeve fimher comprises a guide 
member distal to the filter body and tapering distally. 

41. The device of any of daims 36 to 40 wherein said frame comprises a 
plurality of support arms having proximal and distal ends. 

42. The device of daim 41 wherein the arms are formed of an elastic shape 
memory material. 

43. The device of daim 41 or 42 wherein said frame is constmaed such that 
said filter body is biased toward said second, deployed configuration. 

44. The device of any of daims 41 to 43 wherein said inlet openings are 
defined at least partially by said arms. 

45. The device of any of claims 41 to 44 wherein proximal portions of said 
arms extend generally outwardly and distaUy from said guidewire when 
said filter body is in said second, deployed configuration. 
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46. The device of any of daims 41 to 45 wherein distal portions of said arms 
extend gcneraUy outwardly and proximaDy from said guidewire when said 
filter body is in said second, deployed configuration. 

47. The device of any of daims 35 to 46 wherein the distal portion of the 
tubular member fiiither indudes a pod for receiving therein the filter body 
when in said first, collapsed configuration 

48. The device of daim 47 wherein said filter body is urged into said first, 
collapsed configuration by said pod when the guidewire is nioved 
proximally. 
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